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(54) Method for driving a fuel cell vehicle and luel cell vehicle 

(57) A fuel is supplied to a reformer provided with a 
hydrogen-permeable separation membrane for selec- 
tively allowing hydrogen to pass through to generate 
hydrogen. The generated hydrogen is supplied to a fuel 
cell, and a drive unit is operated by electric power 
obtained by the fuel cell to run a vehicle. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a method for 
driving a fuel cell vehicle and a fuel cell vehicle. 
[0002] At present, a fuel cell vehicle has been 
developed actively. A fuel ceil vehicle uses a principle 
that hydrogen is produced from a fuel by means of a 
reformer, the obtained hydrogen is supplied to a fuel cell 
to provide electricity, and a motor is rotated by the 
obtained electricity. This principle can be applied to not 
only an automobile running with four wheels but also all 
types of vehicles such as a motorcycle and a railway 
train running on rails. 

[0003] The use of a system which uses a fuel cell to 
operate a drive unit can provide a vehicle in which the 
energy efficiency is high, the emission of G0 2 , which 
poses a problem of global environment, is less, and 
NO x is scarcely emitted. 

Summary of the Invention 

[0004] The hydrogen supplied to the fuel ceil prefer- 
ably has higher purity. For example, if CO-containing 
hydrogen is supplied, the life of the fuel cell decreases 
significantly. Also, an ingredient other than hydrogen 
does not contribute to the performance of fuel ceil, and 
the presence of the ingredient introduces the need to 
make the fuel cell large. 

[0005] Also, because the fuel cell must be carried 
on a vehicle and the performance and function of vehi- 
cle must be enhanced, the fuel cell is desired to be 
smaller in size. From this viewpoint, it is necessary to 
obtain purer hydrogen with high efficiency and to supply 
it to the fuel ceil. 

[0006] The present invention has been made in 
view of the above situation, and accordingly an object 
thereof is to provide a method for driving a fuel cell vehi- 
cle and a fuel cell vehicle, in which hydrogen obtained 
from a fuel can be recovered efficiently with high purity 
and can be supplied to a fuel cell. 
[0007] To achieve the above object, the present 
invention provides a method for driving a fuel cell vehi- 
cle, comprising the steps of supplying a fuel to a 
reformer provided with a hydrogen-permeable separa- 
tion membrane for selectively allowing hydrogen to pass 
through to generate hydrogen, supplying the generated 
hydrogen to a fuel cell, and operating a drive unit by 
electric power obtained by the fuel cell to run a vehicle. 
[0008] The reformer provided with a hydrogen-per- 
meable separation membrane can be a membrane 
reformer. 

[0009] Also, the hydrogen generated by the 
reformer can be once stored in a hydrogen absorbing 
alloy, and the hydrogen can be supplied from the hydro- 



gen absorbing alloy to the fuel cell. 
[0010] Further, a plurality . of hydrogen storage 
apparatuses incorporating a hydrogen absorbing alloy 
can be provided so that when some of the hydrogen 

5 storage apparatuses absorb hydrogen supplied from 
the reformer, the other hydrogen storage apparatuses 
discharge hydrogen and supply it to the fuel cell. 
[0011] Another aspect of the present invention is a 
fuel cell vehicle, which comprises a fuel tank; a reformer 

10 provided with a hydrogen-permeable separation mem- 
brane, for generating hydrogen from a fuel supplied 
from the fuel tank; a fuel cell supplied with the hydrogen, 
for obtaining electric power; and a drive unit operated by 
the electric power. 

75 [0012] The reformer provided with a hydrogen-per- 
meable separation membrane can be a membrane 
reformer. 

[0013] Also, the reformer provided with a hydrogen- 
permeable separation membrane can generate hydro- 

20 gen by CO shift reaction after partial oxidation of the 
fuel, and hydrogen can be obtained selectively by the 
hydrogen-permeable separation membrane. 
[0014] Also, the reformer provided with a hydrogen- 
permeable separation membrane can generate hydro- 

25 gen by CO shift reaction after reforming reaction of the 
fuel carried out by water vapor, and hydrogen can be 
obtained selectively by the hydrogen-permeable sepa- 
ration membrane. 

[0015] Further, a hydrogen storage apparatus can 

30 be provided which incorporates a hydrogen absorbing 
alloy for once storing hydrogen from the reformer pro- 
vided with a hydrogen-permeable separation mem- 
brane before the hydrogen is supplied to the fuel cell. 
[0016] The fuel can be any one or a mixture of two 

35 or more of CNG, ethane, propane, butane, gasoline, 
naphtha, dimetyle ether, and methanol. 
[0017] As is apparent from the above description, 
according to the present invention, there are provided a 
method for driving a fuel cell vehicle and a fuel cell vehi- 

40 cle, in which hydrogen obtained from a fuel can be 
recovered efficiently with high purity and hydrogen suit- 
able for a fuel cell can be supplied. 
[0018] Also, when a membrane reformer is used as 
a reformer, the reaction temperature in reforming fuel 

45 can be decreased. Further, the fuel cell automobile in 
accordance with the present invention can be provided 
with a hydrogen storage apparatus incorporating a 
hydrogen absorbing alloy, and the hydrogen outlet of the 
membrane reformer or a hydrogen-permeable separa- 

50 tion membrane can be connected to the hydrogen stor- 
age apparatus. Thereby, the partial pressure of 
hydrogen on the recovery side is decreased, and hydro- 
gen can be withdrawn rapidly from the membrane 
reformer. Further, since the hydrogen stored in the 

55 hydrogen storage apparatus can be used at the time of 
operation start of automobile, an effect that the running 
of automobile can be started simultaneously with the 
operation start can be anticipated. When a plurality of 
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hydrogen storage apparatuses are arranged in parallel, 
as described above, reduced cost and enhanced equip- 
ment performance can further be achieved. 
[0O19] Still further, when compressed natural gas, 
which is called CNG, propane gas, butane gas, or dime- 
thyl ether is used as a fuel, an infrastructure for supply- 
ing these gases has already been built and the tank 
capacity can be decreased because of high calorific 
value of these gases. 

Brief Description of the Drawing 

[0020] Embodiments in accordance with the 
present invention will be described below with reference 
to the accompanying drawings. 

FIG. 1 is a schematic diagram for illustrating one 
embodiment of a fuel cell automobile in accordance 
with the present invention; 
FIG. 2 is a partially cutaway view in perspective of a 
membrane reformer used in the embodiment 
shown in FIG. 1 of a fuel cell automobile in accord- 
ance with the present invention; 
FIG. 3 is an enlarged view of portion A of FIG. 2; 
FIG. 4 is a schematic diagram for illustrating 
another embodiment in which a plurality of hydro- 
gen storage apparatuses are provided; 
FIG. 5 is a schematic diagram for illustrating 
another embodiment in which a plurality of hydro- 
gen storage apparatuses are provided; 
FIG. 6 is a schematic diagram for illustrating an 
embodiment in which another reformer is provided; 
and 

FIG. 7 is a schematic diagram for illustrating an 
embodiment in which still another reformer is pro- 
vided. 

Detailed Description of the Preferred Embodiment 

[0021] FIG. 1 schematically illustrates a system of 
an embodiment for a fuel cell automobile in accordance 
with the present invention. 

[0022] As shown in this schematic diagram, the fuel 
cell automobile is provided with a fuel tank 1 , a reformer 
2 for producing hydrogen from a fuel supplied from the 
fuel tank 1, a fuel cell 3 supplied with the' hydrogen to 
generate electric power, and a wheel driving motor 
(drive unit) 4 which is rotated by the electric power 
obtained by the fuel cell 3. The fuel cell 3 is of a polymer 
electrolyte type (PEFC). The fuel cell used in the 
present invention is generally a cell which is continu- 
ously supplied with a cell activating substance (fuel) 
from the outside and removes discharge products suc- 
cessively to the outside of the system to carry out burn- 
ing reaction electrochemically for direct conversion into 
electrical energy. Conventionally, a fuel cell of a phos- 
phoric acid type (PAFC), a molten carbonate type 
(MCFC), a solid oxide type (SOFC), or a polymer elec- 



•trolyte type (PEFC) has been used. Of these, the poly- 
mer electrolyte type is best suitable in the present 
invention. The reformer 2 is a membrane reformer as 
shown in FIGS. 2 and 3. Of various types of reformers, 
5 the membrane reformer is best suitable in carrying out 
the present invention, as described later, because it can 
keep the reaction temperature in reforming fuel low. 
Although omitted in FIG. 1, the fuel cell automobile in 
accordance with the present invention is provided with 
io various parts including other control units necessary for 
running. 

[0023] As shown in FIGS. 2 and 3, in this mem- 
brane reformer (hydrogen production apparatus) 2, a 
mixed gas of fuel and water vapor is introduced through 
)5 a feedstock supply port 200. The introduced mixed gas 
is reformed by a reforming catalyst layer 201 to gener- 
ate a gas containing hydrogen gas. The hydrogen gas in 
the generated gas passes through hydrogen permea- 
tion tubes (membrane tubes) 203, and flows out through 

20 a hydrogen outlet 202. The gas (C0 2 , CO, H 2 0, unre- 
acted fuel) having not passed through the hydrogen per- 
meation tubes 203 goes out of an off gas outlet (not 
shown) and is recycled or discharged. The reforming 
catalyst layer 201 and the hydrogen permeation tubes 

25 203 are contained in an inside cylinder 204. 

[0024] On the other hand, this membrane reformer 
2 has a combustion burner 206 provided at the center of 
the burner tile 205. The combustion burner 206 burns a 
fuel gas introduced through a fuel gas tube 207 by using 

30 air introduced through an air intake tube 208. Thereby, 
thermal energy necessary for water vapor reforming 
reaction is supplied to the reforming catalyst layer 201 
to keep the reforming catalyst layer 201 at a predeter- 
mined temperature. The inside cylinder 204- is covered 

35 by a casing 209. The exhaust gas is discharged through 
an exhaust gas outlet 21 0. 

[0025] In this embodiment, as the fuel, natural gas, 
naphtha, light hydrocarbon (including methane, ethane, 
propane, and butane), and oxygen-containing hydrocar- 

40 bon represented by alcohol such as dimethyl ether and 
methanol can be used. Further, gasoline containing no 
sulfur can also be used. However, compressed natural 
gas, which is called CNG, propane gas, and butane gas 
are best suitable for the present invention because an 

45 infrastructure for supplying these gases has already 
been built and these gases have a high calorific value, 
so that the tank capacity can be decreased. 
[0026] The reforming catalyst used in this embodi- 
ment may be any catalyst that has conventionally been 

so used when hydrogen is produced from the aforemen- 
tioned feedstock gas by the water vapor reforming proc- 
ess. 

[0027] The hydrogen permeation tube 203 is com- 
posed of a hydrogen-permeable metallic membrane 
>5 that allows only the produced hydrogen to pass through 
and supplies it to the fuel cell. Since the hydrogen-per- 
meable metallic membrane allows only hydrogen to 
pass through selectively, the separated hydrogen has a 
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very high purity not lower than 99.999%, so that it is 
best suitable as hydrogen for a polymer electrolyte fuel 
cell. 

[0028] In addition, the yielded hydrogen is immedi- 
ately separated selectively from the product according 5 
to reaction by the hydrogen permeation tube 203 to 
decrease the partial pressure of hydrogen in the prod- 
uct Therefore, the reaction proceeds to the side on 
which hydrogen increases, with the result that the 
degree of conversion at the same reaction temperature io 
increases. In other words, although the conventional 
methane reforming process requires a temperature of 
about 800°C in the reaction zone, the membrane 
reformer 2 of this embodiment can achieve the same 
degree of conversion at a temperature of 500 to 600°C 75 
by the use of the hydrogen permeation tube 203. Thus, 
the hydrogen permeation tube 203 allows hydrogen to 
pass through and thereby the chemical reaction can be 
shifted to the side on which hydrogen increases, so that 
the reforming temperature decreases by about 200 to 20 
300°C. Therefore, the quantity of heat for heating the 
reaction gas is saved, so that the thermal efficiency 
increases significantly. Also, since the reaction temper- 
ature is low, an inexpensive material with low heat 
resistance can be used forthe equipment, and therefore 25 
the cost of equipment can be reduced. For these rea- 
sons, this embodiment is especially suitable for a fuel 
cell automobile. 

[0029] The hydrogen-permeable metallic mem- 
brane with a thickness of 5 to 50 um is formed on an 30 
inorganic porous layer to selectively allow hydrogen to 
pass through. The inorganic porous layer under the 
metallic membrane is a carrier for holding the hydrogen- 
permeable metallic membrane, and is formed of porous 
stainless steel nonwoven fabric, ceramics, glass, or the 35 
like with a thickness in the range of 0.1 mm to 1 mm. 
Further, a wire mesh consisting of a single layer or a 
plurality of layers is preferably arranged on the inside of 
the inorganic porous layer as a structure reinforcing 
member. 40 
[0030] Preferably, the hydrogen-permeable metallic 
membrane should be a non-porous layer of any of an 
alloy containing Pd, an alloy containing Ni, and an alloy 
containing V. As the alloy containing Pd, Pd-Ag alloy, 
Pd-Y alloy, Pd-Ag-Au alloy, etc. can be enumerated. As 45 
the alloy containing V, V-Ni alloy, V-Ni-Co alloy, etc. can 
be enumerated. Also, as the alloy containing Ni, LaNi 5 
etc. can be enumerated. Also, a method for producing a 
non-porous Pd layer has been disclosed in U.S. Patent 
No. 31 55467, for example. 1. so 

[0031]. The fuel cell automobile in accordance with 
this embodiment may further be provided with a hydro- 
gen storage apparatus 5 incorporating a hydrogen 
absorbing alloy as shown in FIG. 1. In this case, the 
hydrogen outlet of the membrane reformer 2 can be 55 
connected to the hydrogen storage apparatus 5. 
Thereby, the partial pressure of hydrogen on the recov- 
ery side of the membrane reformer 2 is decreased, by 



which hydrogen can be withdrawn rapidly from the 
membrane reformer 2. Also, the hydrogen stored in the 
hydrogen storage apparatus 5 can be supplied to the 
fuel cell 3 at the time of operation start of automobile. 
Therefore, an effect that the running of automobile can 
be started simultaneously with the operation start can 
be anticipated. 

[0032] The hydrogen absorbing alloy can store a 
large amount of hydrogen, and the hydrogen can be dis- 
charged by heating or depressurization, and can be 
absorbed by cooling or pressurization. Also, the dis- 
charge and absorption thereof is reversible. 
[0033] FIGS. 4 and 5 show an embodiment in which 
two hydrogen storage apparatuses 5 are arranged in 
parallel. In this embodiment, unlike the embodiment 
shown in FIG. 1, either of the hydrogen storage appara- 
tuses 5A and 5B is always connected with the mem- 
brane reformer 2. The elements to which the same 
reference numeral as that in FIG. 1 is applied perform 
the same function as that described with reference to 
FIG. 1. 

[0034] In FIG. 4, the membrane reformer 2 and the 
hydrogen storage apparatus 5A are connected to each 
other, and the hydrogen storage apparatus 5B is con- 
nected to the fuel cell 3. In this state, the hydrogen stor- 
age apparatus 5A is cooled to 20 to 40°C, and the 
hydrogen storage apparatus 5B is heated to 50 to 
1 00°C. Then, the hydrogen storage apparatus 5A stores 
hydrogen, while the hydrogen storage apparatus 5B dis- 
charges hydrogen and supplies it to the fuel cell 3. 
[0035] In FIG. 5, the membrane reformer 2 and the 
hydrogen storage apparatus 5B are connected to each 
other, and the hydrogen storage apparatus 5A is con- 
nected to the fuel cell 3. In this state, the hydrogen stor- 
age apparatus 5B is cooled to 20 to 40°C, and the 
hydrogen storage apparatus 5A is heated to 50 to 
1 00°C. Then, the hydrogen storage apparatus 5B stores 
hydrogen, while the hydrogen storage apparatus 5A dis- 
charges hydrogen and supplies it to the fuel cell 3. 
[0036] In this embodiment, the hydrogen storage 
apparatuses 5A and 5B are operated by switching using 
a controller (not shown). Thereby, hydrogen is always 
withdrawn from the membrane reformer 2 by the hydro- 
gen absorbing alloy. As a result, the membrane area of 
the metallic membrane of the membrane reformer 2 can 
be decreased, and therefore the cost can be reduced. 
Also, the pressure of hydrogen supplied to the fuel cell 
3 can be increased, so that the performance of the fuel 
cell 3 can be enhanced. Needless to say, like the 
embodiment shown in FIG. 1 , the stored hydrogen can 
be used at the start time. Further, since the load change 
of the reformer itself decreases, the durability increases. 
[0037] Although the above is a description of the 
case where two hydrogen storage apparatuses are pro- 
vided, it is a matter of course that three or more hydro- 
gen storage apparatuses are provided, and are 
operated in conjunction with each other by a controller. 
[0038] Next, another embodiment in which another 
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type of the reformer 2 is used is shown in FIGS. 6 and 7. 
[0039] FIG. 6(A) shows an example of a mode in 
which hydrogen is generated by CO shift reaction after 
partial oxidation (800 to 10O0°C) of fuel, and high purity 
hydrogen is obtained by a hydrogen-permeable separa- 5 
tion membrane. FIG. 7(A) shows an example of a mode 
in which hydrogen is generated by CO shift reaction 
after reforming reaction (700 to 800°C) of fuel carried 
out by water vapor, and high purity hydrogen is obtained 
by a hydrogen-permeable separation membrane. to 
[0040] In the embodiments shown in FIGS. 6(A) 
and 7(A), the elements to which the same reference 
numeral as that in FIG. 1 is applied perform the same 
function as that described with reference to FIG. 1, 
except that the mode of the reformer 2 is different. ts 
[0041] In these embodiments, the reaction temper- 
ature is high and the equipment becomes large as com- 
pared with the embodiments shown in FIGS. 1 to 3, in 
which the membrane reformer is used. However, by a 
combination with the hydrogen-permeable separation 20 
membrane, high purity hydrogen suitable for the fuel cell 
can be obtained from the gas containing the generated 
hydrogen. 

[0042] On the other hand, FIGS. 6(B) and 7(B) 
show a conFiguration in which the hydrogen storage 25 
apparatus is provided behind the reformer. For the 
hydrogen storage apparatus 5, a plurality of hydrogen 
storage apparatuses can be arranged in parallel as 
described above with reference to FIGS. 4 and 5, and 
the plurality of hydrogen storage apparatuses can be 30 
operated by switching using a controller. In the embodi- 
ments shown in FIGS. 6(B) and 7(B), the elements to 
which the same reference numeral as that in FIG. 1 is 
applied perform substantially the same function as that 
described with reference to FIG. 1, except that the 35 
mode of the reformer 2 is different. 
[0043] The present invention is not limited to the 
above-described embodiment but can be subjected to 
various modifications within a range of the technical 
idea of the present invention. 40 
[0044] For example, the reformer is not limited to 
the aforementioned membrane reformer, and may be of 
other types. In effect, a type in which a hydrogen-per- 
meable metallic membrane is arranged adjacently to a 
reforming catalyst layer and only hydrogen pass 45 
through the metallic membrane can be used unless it 
departs from the object of the present invention. 
[0045] Further, in the embodiment shown in FIG. 1 , 
a path which is used by switching a plurality of hydrogen 
storage apparatuses as in the case of the embodiment 50 
shown in FIGS. 4 and 5 and a path which sends hydro- 
gen directly to the fuel cell can be arranged in parallel. 
Thereby, a state in which hydrogen is sent directly to the 
fuel cell and a state in which any hydrogen storage 
apparatus is always used can be switched. Similarly, in 55 
the embodiments shown in FIGS. 6(B) and 7(B), a 
mode in which a path for directly sending hydrogen to 
the fuel cell is arranged in parallel can be used. 



[0046] The disclosure of Japanese Patent Applica- 
tion No.11-185191 filed on June 30, 1999 including 
specification, claims, drawings, and summary are incor- 
porated herein by reference with its entirety. 

Claims 

1. A method for driving a fuel cell vehicle, comprising 
the steps of supplying a fuel to a reformer provided 
with a hydrogen-permeable separation membrane 
for selectively allowing hydrogen to pass through to 
generate hydrogen, supplying the generated hydro- 
gen to a fuel cell, and operating a drive unit by elec- 
tric power obtained by the fuel cell to run a vehicle. 

2. The method for driving a fuel cell vehicle according 
to claim 1, wherein the reformer provided with a 
hydrogen-permeable separation membrane is a 
membrane reformer. 

3. The method for driving a fuel cell vehicle according 
to claim 1 or 2, wherein the hydrogen generated by 
the reformer is once stored in a hydrogen absorbing 
alloy, and the hydrogen is supplied from the hydro- 
gen absorbing alloy to the fuel cell. 

4. The method for driving a fuel cell vehicle according 
to claim 1 or 2, wherein a plurality of hydrogen stor- 
age apparatuses incorporating a hydrogen absorb- 
ing alloy are provided so that when some of the 
hydrogen storage apparatuses absorb hydrogen 
supplied from the reformer, the other hydrogen stor- 
age apparatuses discharge hydrogen and supply it 
to the fuel cell. 

5. A fuel cell vehicle comprising a fuel tank; a reformer 
provided with a hydrogen-permeable separation 
membrane, for generating hydrogen from a fuel 
supplied from the fuel tank; a fuel cell supplied with 
the hydrogen, for obtaining electric power; and a 
drive unit operated by the electric power. 

6. The fuel cell vehicle according to claim 5, wherein 
the reformer provided with a hydrogen-permeable 
separation membrane is a membrane reformer. 

7. The fuel cell vehicle according to claim 5, wherein 
the reformer provided with a hydrogen-permeable 
separation membrane generates hydrogen by CO 
shift reaction after partial oxidation of the fuel, and 
hydrogen is obtained selectively by the hydrogen- 
permeable separation membrane. 

8. The fuel cell vehicle according to claim 5, wherein 
the reformer provided with a hydrogen-permeable 
separation membrane generates hydrogen by CO 
shift reaction after reforming reaction of the fuel car- 
ried out by water vapor, and hydrogen is obtained 
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selectively by the hydrogen-permeable separation 
membrane. 

9. The fuel cell vehicle according to any, one of claims 

5 to 8, wherein a hydrogen storage apparatus is 5 
provided which incorporates a hydrogen absorbing 
alloy for once storing hydrogen from the reformer 
provided with a hydrogen-permeable separation 
membrane before the hydrogen is supplied to the 
fuel cell. ,( 

10. The fuel cell vehicle according to any one of claims 
5 to 9, wherein the fuel is any one or a mixture of 
two or more of CNG, ethane, propane, butane, 
gasoline, naphtha, dimetyl ether, and methanol. u 
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FIG.2 



209 casing 



reforming 
catalyst layer 



feedstock supply200 
part 




fuel gas tube 207 



2 reformer 

204 inside cylinder 



203 hydrogen permeation tube 



2 "| 0 exhaust gas outlet 



202 hydrogen outlet 



205 burner tile 



206 combustion burner 
208 air intake tube 



8 



1 



EP 1 065 741 A2 



FIG.3 




r 



9 



EP 1 065 741 A2 




EP 1 065 741 A2 




EP 1 065 741 A2 




EP 1 065 741 A2 




LL 



>UJLULU 

xa.co2 



X 
CO 

o 
o 



CD 
z 

2 

tx. 
o 

u. 
LU 



P 

o 
o 

00 

I 

o 
o 



(1) 

U 3 



ft. 



■8 



CM 



T 



>UJUjlU 
XO-COS 



I- 

IJL. 

X 
CO 

o 
o 



o 
z 

a: 
O 

U. 
111 

a: 



o 
o 
oo 
t 

o 
o 




13 



